We investigated the influence of hepatitis C virus (HCV) therapy with pegylated interferon-a plus ribavirin on cardiovascular disease risk through the serial measurement of several laboratory markers in HCV-monoinfected and HCV/HIV-coinfected patients.
Introduction
The relationship of hepatitis C virus (HCV) infection with an increased risk of cardiovascular disease (CVD) remains controversial. HCV has been linked with a higher risk of coronary artery disease and/or subclinical atherosclerosis in HIV-infected 1, 2 and -uninfected patients, 3, 4 although these findings have not been verified in all studies. 5, 6 The combination of pegylated interferon-a and ribavirin (PEG-IFN-a/RBV) is currently the elective treatment for chronic HCV infection. 7 If HCV indeed increases CVD risk, viral clearance through HCV therapy might be accompanied by a reversal of the pro-atherogenic mechanisms associated with the virus.
To investigate the effect of HCV treatment on CVD risk, we evaluated the profile of several cardiovascular-related biomarkers, including inflammation [matrix metalloproteinase-9 (MMP-9), monocyte chemotactic protein-1 (MCP-1), vascular cell adhesion molecule-1 (VCAM-1), intercellular cell adhesion molecule-1 (ICAM-1), high-sensitivity C-reactive protein (hsCRP), interleukin-6 (IL-6) and tumour necrosis factor-a (TNF-a)], oxidative stress [oxidized low-density lipoprotein (oxLDL)] and coagulation [plasminogen activator inhibitor-1 (PAI-1) and fibrinogen] in HIV-seronegative and HIV-seropositive patients undergoing anti-HCV treatment with PEG-IFN-a/RBV. We also assessed the differential effects of the treatment in HIV-infected and HIV-uninfected patients. Candidates for inclusion were HCV-infected subjects with age ≥18 and ≤70 years and detectable plasma HCV-RNA (.600 IU/mL). Patients with HIV infection were included if they had stable disease and a CD4 T cell count ≥250 cells/mm 3 . Patients on antiretroviral therapy and/or cardiovascular risk factor therapy had to be on a stable treatment regimen for at least 6 months to be included. Exclusion criteria were decompensated cirrhosis and/or hepatocarcinoma, evidence of other malignancies, acute hepatitis B virus (HBV) or HCV infection, chronic HBV infection, hyper-or hypothyroidism, major depression, drug addiction, active alcoholism, pregnancy and thrombocytopenia (≤60000 platelets×10 9 /L). Patients lost to follow-up before the week 12 visit were also excluded. The study was approved by the local ethics committee, and all patients gave their informed consent.
Treatment protocol
All patients received a combination of subcutaneous pegylated interferon-a 2a weekly at a dose of 180 mg, plus daily oral ribavirin at a dose of 1000 mg/day in patients weighing ,70 kg and 1200 mg/day in those with a weight ≥70 kg. Patients infected with HCV genotype 1 or 4 were treated for 48 weeks, and those infected with genotype 2 or 3 were treated for 24 weeks. All HIV-infected patients were treated for 48 weeks, independently of the viral genotype.
Response to therapy was defined as an undetectable HCV-RNA or a decrease of ≥2 logarithms at week 12; in the last case, since the effect on the biomarkers of the suppression of viral replication was pursued in the study, patients had to have an undetectable HCV-RNA at week 16. Those who did not reach these criteria were considered non-responders. A follow-up visit was performed 6 months after treatment discontinuation in responders and non-responders. Sustained virological response was defined as an undetectable HCV-RNA at the follow-up visit.
Clinical and laboratory measurements
HCV infection was defined by a positive HCV antibody assay and a confirmatory positive HCV-RNA. Dyslipidaemia, diabetes and hypertension were defined by a previous diagnosis or by a current prescription of pharmacological therapy for any of such risk factors.
At each visit, blood samples were collected after an 8 h overnight fast and plasma aliquots stored at 2808C. Frozen samples from baseline, weeks 12, 24 and 48 and post-treatment follow-up visits were simultaneously defrosted, and plasma levels of VCAM-1, ICAM-1, MCP-1, MMP-9, IL-6, TNF-a and PAI-1 were measured using commercially available ELISA kits (Quantikine, R&D Systems Europe Ltd, UK). oxLDL was determined by ELISA (Biomedica Gruppe, Vienna, Austria). hsCRP was measured using a chemiluminescent immunometric assay (Immulite 2000, Siemens) as previously described. 8 Fibrinogen was estimated with a coagulation analyser (Dade Behring BCS, GA, USA). All blood determinations were performed in a blinded fashion.
Results

Patients' characteristics at baseline
Sixty-one patients were initially included. Five of the 61 were excluded from the analysis because they were lost to follow-up before week 12, leaving 56 patients in the study. Thirty-two (57.1%) were HCV/HIV coinfected. Of the 56 patients, 49 (87.5%) met the criteria of response to therapy at week 12, 44 (78.6%) of them with undetectable HCV-RNA, and 7 (12.5%) were classified as non-responders. Forty-three (76.8%) completed anti-HCV therapy and 23 (53.5% of them) met the criteria of sustained virological response.
Baseline characteristics are listed in Table 1 . There were no significant differences between HCV-monoinfected and HIV/ HCV-coinfected patients in demographic data or in the prevalence of cardiovascular risk factors. Only one patient, who was HIV coinfected, had a history of coronary disease. The majority (75%) of the HCV/HIV-coinfected patients were on antiretroviral therapy. Their median [interquartile range (IQR)] CD4 T cell count was 560 (360 -750) cells/mm 3 , and most of them (75%) had an HIV-1-RNA ,200 copies/mL. Of 8 HIV/HCV-coinfected patients who were not initially receiving antiretroviral therapy, 4 started therapy at weeks 8, 12 and 24. All patients on antiretroviral therapy remained virologically suppressed during the study.
Plasma biomarkers before and during HCV treatment
Baseline concentrations of biomarkers are shown in Table 2 . Levels of MMP-9 and oxLDL were significantly higher in HCV-monoinfected than in HCV/HIV-coinfected patients (150.8 versus 50.0 ng/mL and 371.0 versus 143.2 mU/mL, respectively, P,0.001 in both cases). Conversely, there was a trend to higher VCAM-1 levels in HCV/HIV-coinfected patients (1326 versus 917 ng/mL, P ¼0.07). Patients classified as nonresponders exhibited significantly higher baseline levels of VCAM-1 (1829 versus 1152 ng/mL, P ¼ 0.02) and a trend to higher PAI-1 (4.69 versus 2.50 ng/mL, P ¼ 0.05), MCP-1 (204.8 versus 140.6 pg/mL, P ¼ 0.08) and IL-6 (3.92 versus 1.05 pg/mL, P ¼ 0.07) than those responding to antiviral therapy. Comparison of baseline biomarker concentrations by genotypes 1/4 versus genotypes 2/3 yielded no differences between the groups. Table 2 shows the changes in biomarkers during anti-HCV therapy. Compared with baseline, there was a significant decrease, lasting throughout the treatment period, in concentrations of MMP-9 and ICAM-1, while oxLDL decreased significantly at week 12 and week 24. Contrarily, levels of VCAM-1, MCP-1 and fibrinogen increased in all on-treatment visits, and IL-6 rose at week 24 compared with baseline. No significant changes occurred during treatment in levels of hsCRP, PAI-1 or the cytokine TNF-a. Changes in biomarkers did not differ between HCV-monoinfected and HCV/ HIV-coinfected patients, except for VCAM-1, which showed a higher increase at week 12 in HCV-monoinfected patients (+78.1%, P ¼0.001). Likewise, analysis by genotypes 1/4 versus 2/3 did not show differences in the changes in the biomarkers; only VCAM-1 levels tended to increase more in patients with genotypes 2/3 (44.5% versus 19.9%, P ¼ 0.09).
Patients' characteristics after HCV treatment discontinuation
Thirty-two patients had completed the follow-up visit 6 months after treatment discontinuation (Table 1) who completed the end-of-follow-up visit. Patients reaching the end of follow-up were 1 year older, and they also had a slightly higher systolic blood pressure and higher total cholesterol and LDL-cholesterol compared with baseline. Consequently, they had a slightly higher Framingham score (3% versus 4.5%).
Plasma biomarkers after HCV treatment discontinuation
Six months after treatment discontinuation, median ICAM-1 and VCAM-1 values were significantly lower compared with baseline, a change restricted to the subgroup of patients who maintained sustained virological response. Of note, in patients who did not achieve sustained virological response, the median change in ICAM-1 from baseline had a positive sign, in contrast to the negative change in the responders, and differed significantly between the groups (P,0.001). TNF-a was also significantly lower 6 months after treatment discontinuation (P¼0.03). Conversely, levels of hsCRP, MMP-9, MCP-1, IL-6, oxLDL and fibrinogen were not different from baseline (Table 2) . No other differences were seen between treatment groups. The comparison of changes in the biomarkers between genotypes 1/4 versus 2/3 did not show significant differences.
Discussion
In this study, treatment for HCV infection with PEG-IFN-a/RBV induced different changes in a number of CVD-related biomarkers. During anti-HCV therapy, there was a decline in the inflammation and oxidative stress biomarkers MMP-9, ICAM-1 and oxLDL, while no changes occurred in hsCRP, IL-6, TNF-a and PAI-1, and an increase in levels of VCAM-1, MCP-1 and fibrinogen was observed. Some of them were non-lasting changes, since their concentrations returned to baseline values after treatment discontinuation. However, VCAM-1, ICAM-1 and TNF-a levels remained significantly lower after treatment conclusion in patients with sustained virological response. The effects were not different between HIV-infected and -uninfected patients. Of all biomarkers analysed, only three, namely VCAM-1, ICAM-1 and TNF-a, developed changes that persisted after PEG-IFN-a/RBV therapy, and all of them showed an anti-atherogenic trend as a result of the intervention. The surface glycoproteins VCAM-1 and ICAM-1 are mainly expressed on the vascular endothelium, and have been associated with endothelial dysfunction, an early event in the development of atherosclerosis. Additionally, they are also expressed in dendritic cells and hepatocytes, in which they have been demonstrated to correlate with the stage of liver histological activity. 9 Accordingly, we found a positive correlation between the decrease in transaminases and the decreases in both adhesion molecules at the follow-up visit, mainly with ICAM-1, which also correlated with the decrease in HCV-RNA. Levels of ICAM-1 decreased soon after the beginning of anti-HCV therapy, and remained significantly lower after treatment discontinuation. Notably, no changes in levels of ICAM-1 were detected in patients who did not achieve sustained virological response. Contrarily, treatment with PEG-IFN-a/RBV induced an increase in VCAM-1; however, following treatment discontinuation, VCAM-1 levels were significantly lower than at baseline, a finding not previously described. 9, 10 The third inflammation biomarker undergoing lasting changes was the cytokine TNF-a. Although it did not change significantly during HCV therapy, a reduction in its level was observed after treatment discontinuation.
Some of the other biomarkers, such as MCP-1 and fibrinogen or MMP-9 and oxLDL, experienced pro-and anti-atherogenic changes, respectively, during PEG-IFN-a/RBV therapy, but all of them reverted after treatment discontinuation. Although we do not have a definite explanation for such findings, changes in these biomarkers might reflect the immunomodulatory trailing effect of interferon during treatment, rather than a sustained antiviral effect. Additionally, the real relevance of the mild increase in the Framingham score at the last follow-up visit as a result of the older age of the patients, and the slight elevation of total cholesterol and LDL-cholesterol and systolic blood pressure, is uncertain and cannot be determined from the present investigation. The concentrations of hsCRP did not change during or after treatment with PEG-IFN-a/RBV, a finding described in HIV-monoinfected individuals, 11 but not yet explored in HCV/HIV-coinfected individuals.
The main limitation of the study is the small number of patients reaching the last follow-up visit. This might have precluded finding differences between baseline and post-treatment values, although no trend to different levels was observed in most of the biomarkers measured. Another limitation is the short-term follow-up of the patients. Strengths are the high number of CVD-related biomarkers exploring different pathways of the atherogenic process, simultaneously analysed, the multiple measurements performed during the study and the consecutive sample of patients with precise inclusion/exclusion criteria in a clinical pathway, which led to the homogeneous characteristics of the population studied. Additionally, we had the opportunity to compare the changes of many previously unexplored biomarkers during HCV treatment in HCV/HIVcoinfected patients and their HCV-monoinfected counterparts.
In summary, HCV therapy with PEG-IFN-a/RBV induces different changes in several cardiovascular risk biomarkers, most, but not all, being anti-atherogenic effects, although only the antiatherogenic effects remain after treatment discontinuation in patients with sustained virological response. These effects are similar in HIV-infected and -uninfected patients. 
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